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THE IMPACT OF TEACHING GEOMETRIC LOCUS
PROBLEMS IN A COMPUTER-ASSISTED
ENVIRONMENT ON THE METACOGNITIVE
AWARENESS OF PRESERVICE TEACHERS

Serdal Baltaci

Abstract: In this study, it is expected that the GeoGebra contributes to the declarative knowledge,
procedural knowledge, conditional knowledge, planning, monitoring, evaluation, debugging, and
information management sub-dimensions of the metacognitive awareness. In this study, an
experimental research technique, which was based on the pre- and post-tests scores of the
participants, of the quantitative research method was used in order to investigate the development
of preservice middle school teachers’ metacognitive awareness. Forty six preservice teachers who
have enrolled to the department of elementary school mathematics at the faculty of education
participated in the study. The preservice teachers, 25 female and 21 male, were attending to the same
class. In this study, likert-type Metacognitive Awareness Inventory consisting of 52 items was used
as a data collection tool. The collected data were analyzed using the SPSS 21.0 statistical package.
As a result of the study, the findings suggest that teaching geometric locus in this kind of a setting
is generally effective. When the collected data examined, it appeared that there was not a statistically
significant difference on the Debugging sub-dimension of metacognitive awareness in which the
effect size was small. In the remaining sub-dimensions, the difference was statistically significant.
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1. Introduction

Recent studies emphasize that students should actively participate in the learning process and question
themselves during this active participation. Metacognition is one of the theories that enable learners to
connect new knowledge to the knowledge they have, to observe their own learning, and to internalize
new knowledge by using them in new areas (Victor, 2004). Although, metacognition was first
introduced by Flavell (1998), its history theoretically goes back to earlier years. Metacognition, which
is defined in different ways by many researchers, is defined by Flavell (1979) as the knowledge that one
obtains from her own cognitive experiences. Similarly, metacognition is one's thinking about his own
thinking and learning processes (Garner, 1987; Welton & Mallan, 1999). Furthermore, Gunstone and
Mitchell (1998) define metacognition as a person’s activation of maintaining and planning processes of
her thinking practices. Therefore, metacognition involves the process of individuals’ thoughts about the
thinking and learning mechanisms and combining these thoughts with their experiences. Individuals
organize and evaluate their own knowledge through metacognition.

Polincsar (1986) used football metaphor to explain metacognition concept in the following way: There
are a number of strategies and game plans that a good football team can use during the game, but
knowing these strategies theoretically is not important. A good team chooses the best strategy
considering the team’s purposes, strengths and weaknesses, and the strengths and weakness of its
opponents, but that may not be enough. A good team constantly evaluates the appropriateness of a
strategy during a game, and if not, chooses another strategy. As in the football metaphor, students also
have strategies to meet their learning needs, but this is not enough for students. Students choose a
strategy based on the goal of a lesson, obstacles that they face, and their own strengths and weaknesses.
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Next, they look at whether the strategy they have chosen has helped them in their learning, and if not,
they choose a new strategy. It is important for a learner to generate her awareness about the learning
processes to sustain the success of these processes (Dogan, 2013).

In order to generate this awareness, a student should be able to question, make plans, use her reasoning
skills effectively, and evaluate the learning process (Cakiroglu, 2007; Tunca & Alkin-Sahin, 2014). This
situation, which can be described as metacognitive awareness, is defined as trying to understand what
the teacher wants during the instruction and noticing she understands something or not (Karakelle &
Sarag, 2007). In other words, metacognitive awareness can be defined as the knowledge that individuals
have about their own metacognitions. Yildirim (2010) defined metacognitive awareness as an
individual's awareness about her learning system. Looking at these definitions, the question "can
metacognitive awareness develop?" comes to mind since there is a tendency in educational studies on
developing students’ metacognitive awareness (Douville & Pugalee, 2003).

Everson and Tabias (1998) stated that students who equipped with effective metacognitive skills will
correctly assess their knowledge, monitor their learning, update their knowledge, and make effective
plans for new learning topics. Furthermore, it is important for individuals to have knowledge about their
own learning and cognitive processes or to develop awareness in this context (Deseote, Roeyers &
Buysse, 2001; Kuiper, 2002; Sen, 2012). Schunk (1989) noted that teachers with clearer metacognitive
awareness would increase their chances of developing students’ cognitive and metacognitive skills.
According to the research on metacognition instruction, these skills can be taught to the students directly
or indirectly (Toney, 2000; Paris & Winograd, 1990). In addition, as stated by Hacker (1998),
metacognition instruction facilitates students’ learning. Because the metacognition levels of teachers are
an important factor in the development of students' metacognitive skills, it is important to examine the
development of these awareness of the preservice mathematics teachers. Therefore, teacher preparation
programs could provide more benefits on preservice teachers’ (PSTs’) teaching if these teachers were
instructed about metacognitive awareness and their comprehension of this concept is satisfied.

The effect of teaching on the acquisition of metacognitive skills is much more than the influence of
maturity alone (Senemoglu, 1997). Learners’ ability to use metacognition efficiently in the processes of
decision-making, in determining the appropriate strategy, and ultimately in evaluation-analysis, can be
achieved in a learning environment where they can experience these processes. Smith, Ford and
Kozlowski (1997) stated that learners’ metacognitions may be developed by preparing environments in
which they can actively participate in the learning process. On the other hand, Jones, Farquhar and Surry
(1995) noted that a student’s active participation in the learning process can be enhanced to the extent
to which her metacognitive awareness can be improved. Hence, teachers can improve students’
metacognitions by creating learning environments in which students can participate effectively in
learning processes. By creating learning environments for increasing students’ metacognitive
knowledge and skills, their success can be further enhanced. Computer-aided learning environments can
be used in overcoming such situations. Studies showed the effectiveness of computer-aided learning
environments on increasing students’ metacognitive knowledge and skills (Gama, 2001; Howard,
McGee, Hong & Shia, 2000; Mckay, 1999; Volet, 1991). Therefore, the potential of computer-aided
software can be used in learning environments for the development of metacognition.

With computer-aided software, students perceive mathematics as a game enjoying what she has been
doing and being aware of a large part of the learning role rest in her shoulders rather than abstractly
perceiving mathematics as calculations and symbolic expressions (Olive, 2002). Hazzan and
Goldenberg (1997) stated that dynamic software, which is the most important of computer-aided
software, allow students to concentrate more on abstract structures. One of these software, the
GeoGebra, can be used with many features other than the features found in other software. The
GeoGebra software is an important part of teaching mathematics with its ease of use, diverse versatility,
language options, and combining both the properties of computer algebra systems (CAS) and the
features of dynamic geometry software (DGS) (Hohenwarter & Jones, 2007). GeoGebra provides fast
transitions between representations by its algebra, drawing board, calculator chart, statistical
calculations window, and two-dimensional window features, which enable production of mathematical
symbols and graphics and transfer of these symbols and graphics to tables in a dynamic process
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(Dikovich, 2009; Hohenwarter & Jones, 2007). Thus, how these features of GeoGebra can be used in
the development of metacognitive awareness of PSTs has become an important research topic. The
concept of geometric locus can be considered as a worthy study topic that can be investigated using
GeoGebra because many cognitive processes, estimating geometric locus and evaluating own
knowledge by comparing estimations with each other, can be developed using the "trace" and "geometric
locus" functions (Baltaci, 2014).

The geometric locus, which is one of the analytical geometry concepts, was first seen in the curricula of
developed countries a century ago, especially in the German curriculum (Giilkilik, 2008). Because the
geometric locus is an abstract concept, its way of reasoning, and being able to make different
estimations, it has not given enough attention and had a symbolic place in the mathematics curriculum
(Botana ve Valcarce, 2003; Pekdemir, 2004).

Geometric locus defined as a point’s, which moves under some specific conditions, trajectory path
(Botana and Valcarce, 2003; Cha and Noss, 2001) or set of points and lines that determined by special
mathematical conditions or ensuring some special conditions (Gorghiu, Puana and Gorghiu, 2009). The
literature suggest that dynamic geometry software have an important potential on showing geometric
locus of an object (Frank, 2010; Giiven, 2002; Giiven 2008; Giiven & Karatag, 2009; Jahn, 2002; Real
& Leung, 2006).

Geometric locus concept becomes clearer by the help of "Geometric Locus" and "Trace" features of this
type of software (Baltaci, 2014; Cha & Noss, 2004; Giiven & Karatas, 2009; Schumann & Green, 2001).
Using dynamic software in classroom settings, one can contribute to students’ learning by involving
them directly in the teaching process and letting them work within a context (Baltaci, 2014; Baltaci &
Baki, 2016).

The geometric locus is at one of the leading topics in which PSTs have difficulties (Gorghiu et al., 2009;
Giiven & Karatasg, 2009; Giilkilik, 2008; Jahn, 2002; Real & Leung, 2006). PSTs who have incomplete
knowledge on this topic encounter various difficulties while solving problems related to the geometric
locus (Baltaci, 2014; Gorghiu et al., 2009; Giilkilik, 2008; Giiven & Karatas, 2009) because this concept
requires abstract reasoning and moving some geometry objects in mind.

Therefore, it is very difficult to visualize geometric locus problems in traditional environments (Giiven
& Karatas, 2009). These difficulties can be overcome with the various icons of the GeoGebra software.
The GeoGebra software is an effective tool in teaching geometric locus concept and offers new
opportunities to solve such problems (Baki, Cekmez & Kdsa, 2009; Baltaci, 2014; Baltaci, Yildiz &
Kosa, 2015). So far, the advantages of teaching the geometric locus concept in computer-aided
environments were explained. Now, the readers may ask the following question: “Why was the
geometric locus concept used in explaining metacognitive awareness?” Metacognition involves the
ability of an individual’s prediction, planning, monitoring, and evaluating their own mental activities
(Brown, 1980). The GeoGebra software supports the concept of geometric locus as well as estimation
process, explanations of estimations, geometrical places modeled in the GeoGebra display both in the
paper-pencil environment and evaluation of results after viewing these concepts on the GeoGebra
screen, and correcting mistakes that students made. In addition, it is expected that the GeoGebra
contributes to the declarative knowledge, procedural knowledge, conditional knowledge, planning,
monitoring, evaluation, debugging, and information management sub-dimensions of the metacognitive
awareness.

Metacognition is a teachable skill, and individuals are not born with this process of reasoning (Hall &
Myers, 1998). Many studies have shown that metacognition can be successfully developed, especially
in the field of mathematics (Kramarski & Mevarech, 2003; Lucangeli & Cornoldi, 1997). The literature
on metacognition showed that some researchers focused on the relationship between students’
metacognition and their problem solving skills and mathematical achievements (Baltaci, Yildiz &
Ozcakir, 2016; Deseoete et al., 2001; Kramarski, 2008; Yildiz, Baltaci & Giiven, 2011), focused on the
development of metacognition (KUgUk-(")zcan, 2000; Schoenfeld, 1987; Volet, 1991; Yildiz & Ergin,
2012), and focused on the change in individuals’ metacognition by conducting experimental teaching
methods (Blank, 2000; Kramarski, Zemira & Arami, 2002). On the other hand, studies on the geometric
locus concept pointed out that by the use of dynamic geometry software, those researchers were able to
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observe students' intuitive reasoning, and so they were able to emphasize the importance of teaching
this concept, which is usually neglected in the traditional teaching settings (Baki et al., 2009; Gtiven,
2002; Giiven 2008; Giliven & Karatas, 2009; Jahn, 2002; Real & Leung, 2006). In this study, the effect
of preservice middle school teachers’ learning processes of the geometric locus concept, which is one
of the analytic geometry concepts, on their metacognitive awareness is examined with the use of
GeoGebra dynamic software. Moreover, unlike most researchers, this effect will be studied in all
subcomponents of metacognitive awareness that will eventually provide important contributions to the
field. Within this scope, the following research gquestions were investigated:

1. How does teaching geometric locus problems in a GeoGebra software-assisted environment effect
preservice teachers’ metacognitive awareness?

2. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke
a significant relationship between preservice teachers’ metacognitive awareness and their gender?

3. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke
a significant relationship between preservice teachers’ metacognitive awareness and their academic
achievements?

4. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke
a significant relationship between preservice teachers’ metacognitive awareness and their teaching
experiences?

2. Method

The following section covers the research model, design of the research, research group, data collection,
and data analysis.

2. 1. The Model of the Study

In this study, an experimental research technique, which was based on the pre- and post-tests scores of
the participants, of the quantitative research method was used in order to investigate the development of
preservice middle school teachers’ metacognitive awareness. This study used an experimental method
without having a control group since, except for a few universities, the mathematics education courses
in the elementary mathematics education departments in Turkey are carried out in single groups due to
the limited quota.

2. 2. The Design of the Study
The design of the research takes place in two stages. These stages are as follows:
2. 2. 1. Preparation Stage

When examined the related literature, students have been found to be successful in the analytic geometry
concepts if a well-organized learning setting is designed. Hence, worksheets that affect the learning
setting were initially prepared through analyzing various publications on metacognition and analytical
geometry. Worksheets included guidelines about how PSTs required to use the GeoGebra software
during the process of discovery on related analytical geometry concepts. Next, assessments carried out
by two domain experts and the necessary corrections have been made.

2. 2. 1. Implementation Stage

A pilot study performed after checking the compatibility of the data collection tools. Next, at the initial
phase of the implementation stage, the PSTs were given a Metacognitive Awareness Inventory. Later,
two-person groups formed for the dynamic software-aided learning settings. While forming those
groups, coordination and level of success between the members of each group have been taken into
account. A total of 23 groups have been created.

Taking courses on basic Information and Communication Technology (ICT) skills during the first year
of their undergraduate education, the preservice mathematics teachers began interacting with the
GeoGebra software in two courses (General Mathematics, Geometry). At the second year, GeoGebra is
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used only when needed for presentation purposes in Calculus I course. In addition, the PSTs were asked
to use the GeoGebra software in their exams or to answer the presented questions. Hence, all participants
were trained about using GeoGebra and preparing activities using it. The PSTs already had skills that
were needed to construct the geometric locus situations on worksheets. Furthermore, their mathematics
competency levels were sufficient enough, and they had positive attitudes towards mathematics.

The implementation stage took 6 weeks, and a total of six worksheets used in this stage. The course
included geometric locus. The purpose in the course was to use the GeoGebra software as a tool to
acquire the required information from the PSTs. For example, in one of the worksheets, the problem
"Where is the geometric locus of the tangents that were drawn from a fixed point, A, to the circles that
had O as the central-fixed point in the plane?" was asked. During the answer process, the PSTs made
predictions about possible solution situations by discussing with their group mates. They then tried to
explain their predictions on a paper.

For instance, for the problem above, first, the PSTs tried to explain their predictions primarily using
paper-pencil and by marking two points, a circle arc and circle predictions. Afterwards, they tried to
create desired drawings on the GeoGebra screen by which they were able to compare their predictions
using the utilities of the software. For example, a screen shot from the work of a group who drew two-
points and a circle arc as their prediction in a paper-pencil setting (Figure 1) and a screen shot from
another group creating their circle prediction on the GeoGebra screen (Figure 2) are given as follows:

% e

Figure 1. Two preservice teachers’ predictions in a paper-pencil setting.

Figure 2. Two preservice teachers’ predictions on the GeoGebra Screen.
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As stated above, during the 6 weeks of implementation stage, geometric locus problems were provided
to the PSTs using worksheets, and the responses were analyzed. At the end of the implementation stage,
the Metacognitive Awareness Inventory was repeated in order to provide answers to the research
guestions.

2. 3. Participants

Forty six PSTs who have enrolled to the department of elementary school mathematics at the faculty of
education participated in the study. The PTSs, 25 female and 21 male, were attending to the same class.

2. 4. The Data Collection Tools

In this study, Likert-type Metacognitive Awareness Inventory consisting of 52 items was used as a data
collection tool. Developed by Schraw and Dennison (1994), this inventory is adapted to Turkish by
Ak, Abaci and Cetin (2007). In their study, Schraw and Dennison (1994) found the reliability
coefficient of this inventory to be 0.93. In the Turkish adaptation, Akin et al. (2007) found the Cronbach
alpha reliability of the Metacognitive Awareness Inventory to be 0.95. Turk (2011) stated that for
subscales this value changed between 0.93 and 0.98. The items in the Metacognitive Awareness
Inventory had a 5-point likert-type rating system: (1) never, (2) sometimes wrong, (3) neutral, (4)
sometimes true, and (5) always true. The distribution of 52 items according to subscales was as follows:
Declarative Knowledge: Item 5, 10, 12, 17, 16, 32, 20, and 46; Procedural Knowledge: Item 33, 14, 27,
and 3; Conditional Knowledge: Item 26, 29, 35, 15, and 18; Planning: Item 42, 6, 4, 45, 8, 23, and 22;
Monitoring: Item 49, 11, 1, 2, 21, 28, 34, and 41; Evaluation: Item 36, 24, 19, 7, 50, and 38; Debugging:
Item 25, 51, 40, 44, and 52; and Information Management; Item 37, 31, 47, 9, 43, 13, 39, 30, and 48.
There was not negative items in this inventory. While the highest score that can be taken from the
inventory was 260, the lowest score was 52. A conclusion could be reached about the metacognitive
awareness level of an individual by dividing the total score that she obtained from the inventory by the
number of items (52). Akin et al. (2007) stated that individuals who receive less than 2.5 points from
the Metacognitive Awareness Inventory have lower metacognitive awareness, and those who receive
2.5 points and above have higher metacognitive awareness.

2. 5. Analysis of the Data

The collected data were analyzed using the SPSS 21.0 statistical package. The t-test was used to compare
metacognition awareness and subscale scores of the PST with pre- and post-test scores and to compare
differences among post- and pre-test scores with the gender and experience. In addition, the effect size
was measured with Cohen d. Furthermore, the one-way analysis of variance (ANOVA) was used for
investigating the relationship between the average score and scores that obtained from differences
among post- and pre-test points.

3. Findings

In this section, the quantitative data obtained from the PSTs were discussed separately in order to clarify
four research questions. The t-test and effect-size results for pre and post-test average scores on the
PSTs’ metacognitive awareness and its sub-dimensions are presented in Table 1.
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Table 1. The t-test and effect-size results for pre and post-test

Group Statistics
Std. t df | Sig. (2-tailed) | Cohen’s d
Group N | Mean | Deviation

ol s g[S ST o | ow|
e ot o 2Tl | s ow] OO
ol P [ 250 G9%] | k) o] S
Contond 1k |5 [359]5 us e om] A
- R R
e e R R
o [ 220 ozs| oo O
oeone |frees | [S2]SS pm w oo
Evaluation Egesﬁzgt 46 g%ggg j;igg 8,457 45 000 0,125336

Table 1 shows that there is not a statistically significant difference between the pre- and post-test scores
and Debugging score [t(45) = -1.290, p > .05]. For the remaining sub-dimensions and overall average,
there are statistically significant differences between the pre- and post-test scores. The absence of a
statistically significant difference in the Debugging sub-dimension appears to have a small effect
(n?=.024247). The t-test results and effect size analysis for the relationship between the PSTs’ average
gain scores, which obtained by subtracting pre-test scores from post-test scores, and gender are presented

in Table 2.
Table 2. The t-test results and effect size analysis for the relationship between the PSTs’ average gain scores
and gender
Group Statistics

Group | N | Mean | Std. Deviation t df | Sig. (2-tailed) | Cohen’s d
Overall Female | 25| ,5646 ,31579

Male [21] ,6520 25886 101444 316
Declarative Knowledge |Female |25 |1,0250 ,32874

Male |21]1,2917 ,57054 -1,981 44 054
Procedural Knowledge |Female [25| ,7600 ,37832

Male |[21]1,0476 ,62058 -1,931 44 ,060
Conditional Knowledge |Female |25 -,3520 ,53003

Male |[21]-,4571 ,53719 /666 44 ;509
Planning Female | 25| ,3714 ,29451

Male [21]| 5714 38065 | 008 |44 /051
Monitoring Female | 25| 1,0700 ,52177

Male |21]1,2560 ,54267 1,182/ 44 ,243
Information Management | Female | 25| ,5644 47890

Male [21] ,5979 36086 203 |44 194
Debugging Female | 25| ,0800 ,59161 0,0776

Male |21]-,3333 ,46619 2,594 44 013
Evaluation Female | 25| ,5400 ,51433

Male [21] ,6508 42461 787 |44 436

Table 2 shows the gain scores, which obtained by subtracting the pre-test scores from the post-test
scores. Table 2 indicates statistically significant differences between the Debugging gain scores and
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gender [t(44) = 2,594, p < .05]. In all other sub-dimensions, there is no significant difference between
the gain scores and gender. The existence of a statistically significant difference in the Debugging sub-
dimension appears to have a small effect (n?=.0776). ANOVA results of the grade point averages of the
PSTS’ metacognitive awareness and its subscales for the pre- and post-test score differences are
presented in Table 3.

Table 3. ANOVA results of the grade point averages of the PSTS’ metacognitive awareness and its subscales for
the post and pre-test score differences

Source of Variation | Sum of Squares | Sd Mean Square F p
overall Between ,083 3 ,028 ,310 ,818
vera —
Within 3,738 42 ,089
Total 3,821 45
_ Between 122 3 ,041 174 ,913
Declarative Knowledge —
Within 9,794 42 ,233
Total 9,916 45
; K o Between 529 3 176 ,641 ,593
rocedural Knowledge —
9 ['Within 11,552 42 275
Total 12,082 45
Between ,450 3 ,150 ,516 ,673
Conditional Within
Knowledge 12,190 42 ,290
Total 12,640 45
ol Between ,122 3 ,041 ,322 ,810
annin —=
g Within 5,314 42 127
Total 5,436 45
oo Between 1,341 3 447 1,635 | ,196
onitorin —
g Within 11,478 42 273
Total 12,818 45
) Between ,041 3 ,014 ,071 ,975
Information Within
Management 8,080 A2 192
Total 8,121 45
Sebucc Between 778 3 ,259 ,782 511
ebuggin —
g99ing Within 13,919 42 331
Total 14,697 45
Between ,102 3 ,034 ,142 ,934
Evaluation —
Within 9,993 42 ,238
Total 10,095 45

When the ANOVA results in Table 3 examined, no significant difference was found among the groups
for the overall metacognition and sub-dimensions scores. Furthermore, the t-test analysis between the
mean scores of the PSTs’ responses on metacognitive awareness and its sub-dimensions and their
teaching experiences is presented in Table 4.
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Table 4. The t-test results for the mean scores of the PSTs’ responses on metacognitive awareness and its sub-
dimensions according to their experiences

Experience | N | Mean |Std. Deviation| t |df|Sig. (2-tailed)
-
Declarative Knowledge \N(gs ig 113(73(; 8451(7)223 -003 | 44 997
Proce-d-ural Knowledge \N(Ce)s i? 822% gigggg 235 | 44 816
Condl-tlonal Knowledge \N(gs ig :82313411 845123?1; 457 | 44 650
e e e T R
CE e 1313 7)) e
Informa'tlon Management \N(gs ig 8?(2)32 8;12(2)31 611 | 44 545
-
I i I

When the t-test results in Table 4 are examined, it is seen that there is no statistically significant
difference on overall scores between PSTs’ with and without teaching experience.

4. Discussion and Conclusions

In this study, in a computer-assisted learning setting, the PSTs’ development of metacognitive awareness
and its sub-dimensions were examined on the geometric locus topic. The findings suggest that teaching
geometric locus in this kind of a setting is generally effective. When the collected data examined, it
appeared that there was not a statistically significant difference on the Debugging sub-dimension of
metacognitive awareness in which the effect size was small. In the remaining sub-dimensions, the
difference was statistically significant. When the metacognition literature is examined, it is seen that
lessons thought by different computer applications precipitate using metacognitive skills before
application (Gama, 2001; Hand, Wallace & Yang, 2004; Howard et al., 2000; VVovides, 2005). As the
PSTs perform their duties and responsibilities in the worksheets assigned to them, fulfilling the
following processes may result in such a positive result: The process of predicting and discussing their
estimates with the groupmates in the paper-pencil environment, modeling these estimates on the
GeoGebra software screen, trying to decide on the results, trying to do the desired tasks together with
the software, and trying to overcome the difficulties that arise in this process. The appearance of such a
finding in the Debugging sub-dimension may have resulted from the PSTs not being able to fully use
all the icons of the software. When the PSTs are able to fully use the icons, they can see their errors
following the feedbacks provided by the software and this may increase the PSTs’ desires to correct
their mistakes. It is important to note that the PSTs are supposed to have metacognitive awareness and
have to be equipped with adequate equipment to develop their metacognitive skills. Therefore, using
such applications, which foreground PSTs’ thinking throughout the whole teaching process, in
classrooms may provoke positive results.

When the gain scores, which were obtained by subtracting the pre-test scores from the post test scores
of the metacognitive awareness scale, were examined, a statistically significant difference was found in
the Debugging sub-dimension according to the gender. In all other sub-dimensions, there was no
significant difference in relation to the gender. The effect size of this difference in the Debugging sub-
dimension was small. With the appearance of such finding, one can say that girls were cognitively more
resourceful than boys on strategies, such as correcting mistakes, in relation to the geometric locus
concept. Similarly, Baggeci, Dos and Sarica (2011) and Kana (2015) found that in the Debugging sub-
dimension of metacognitive awareness, girls were more aware of and willing to correct their mistakes
than boys during the instruction. In addition, Deniz, Dansiz, Akgiin and islayan (2014) found that female
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PSTs had higher levels of metacognitive awareness than male PSTs. Furthermore, studies show that
gender differences in metacognition may be due to two important factors: social and biological
differences (Kimmel, 2000, Lowe, Mayfield & Reynold, 2003).

When the gain scores obtained by subtracting the pre-test scores from the post-test scores of the
metacognitive awareness scale were examined, it was seen that there was no significant difference
between the groups in the overall metacognitive awareness score and its sub-dimensions according to
the PSTs’ academic grade averages. Tok, Ozgan and Dés (2010) and Kana (2015) stated a statistically
significant difference only between the academic grade averages and Evaluation sub-dimension of the
Metacognitive Awareness Inventory. In this study, nonexistence of a significant difference between the
academic grade averages and Evaluation sub-dimension can be rested on the PSTs’ always taking part
in the teaching process during the GeoGebra practices. In this process, the PSTs worked in groups of
two and predicted the geometrical locuss assigned to them. Next, they tried to explain their predictions
in the paper-pencil setting. Later, the PSTs attempted to find the geometrical locuss on the GeoGebra
software that enabled them to compare their answers with previous paper-pencil predictions. This
situation can be interpreted as one of the best examples of PSTs being in constant collaboration with the
GeoGebra software. When the t-test results that explained the relationship between the scores obtained
from Metacognitive Awareness Inventory and its sub-dimensions with the results obtained by
subtracting the pre-test scores from the post-test scores are examined, it is seen that there is no
statistically significant difference between the PSTs’ overall metacognitive scores and the scores
obtained from sub-dimensions of the inventory. This result appears to be normal since the PSTs did not
have enough chance to complete their experiences with GeoGebra. The PSTs’ development of
metacognitive awareness can be achieved by offering teaching practice courses from the first year of the
undergraduate programs, which is the starting point of the teaching profession, and these courses should
continue throughout their education programs.
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